Bifurcating phylogenies are frequently used to describe the evolutionary history of groups of related species. However, simple bifurcating models may poorly represent the evolutionary history of species that have been exchanging genes. Here, we show that the history of three well-known closely related species, Drosophila pseudoobscura, D. persimilis and D. p. bogotana, is not well represented by a bifurcating phylogenetic tree. The phylogenetic relationships among these species vary widely between different genomic regions. Much of this phylogenetic variation can be explained by the potential of different genomic regions to introgress between species, as measured in laboratory studies. We argue that the utility of multiple markers in species-level phylogenetic studies can be greatly enhanced by knowledge of genomic location and, in the case of hybridizing species, by knowledge of the functional or linkage relationships among the markers and regions of the genome that reduce hybrid fitness.
INTRODUCTION
The reconstruction of historical relationships between organisms is one of biology's most important endeavours. Obtaining a clear picture of the divergence of closely related species (i.e. species-level phylogeny) is a necessary step for understanding the basic process by which biological diversity is generated (i.e. speciation). However, historical relationships among closely related species are often difficult to reconstruct, even with DNA sequence data. One difficulty is simply that closely related species have low levels of genetic divergence. A more complex issue arises because it takes a long time for gene trees to become reciprocally monophyletic during species divergence. Closely related species often share genetic variation for extensive periods after divergence begins, which is the basis of the well-known 'gene tree versus species tree' problem (Tajima 1983; Pamilo & Nei 1988; Takahata 1989; Wu 1991; Hudson 1992; Maddison 1997; Hudson & Coyne 2002) . Furthermore, the occurrence of introgressive hybridization (Anderson & Hubricht 1938) , a process more common than previously acknowledged (Arnold 1997) , violates the basic bifurcating model of species divergence on which phylogenetic analyses are based.
The complexities and ambiguities found in species-level phylogenetic studies are a simple short-term by-product of the normal processes that underlie the generation of biological diversity. The difficulties that arise from recent divergence, including lineage sorting of ancestral polymorphisms and introgressive hybridization, mean that data from any one locus, or linkage group, may not very well reveal phylogenetic history. Therefore, studies that rely upon one or a few sequences per species from a single locus are likely to result in findings that are either ambigu-ous or not very representative of the species under investigation. The use of multiple loci and multiple sequences per loci should in principle give a more complete picture of the history of divergence of a group of closely related species, because comparisons can be made across loci to ascertain whether all loci fit a simple model represented by the same bifurcating phylogeny. If the histories are not congruent, one can determine whether lineage sorting of ancestral polymorphisms or introgression are needed to explain the incongruencies.
The classic group of Drosophila species D. pseudoobscura, D. p. bogotana and D. persimilis constitute an interesting study case for such a multilocus phylogenetic approach. Because these species have played a central role in the development of evolutionary theory and in speciation studies (Dobzhansky 1937; Mayr 1942) , they are particularly appropriate for in-depth phylogenetic analysis. A recent population genetics multilocus study of these species was conducted using multiple sequences per species from 14 loci scattered across different regions of the genome (Machado et al. 2002) . The analyses focused on the question of gene flow between species pairs: D. pseudoobscura versus D. p. bogotana and D. pseudoobscura versus D. persimilis. A high level of variation across loci was found in patterns of shared polymorphisms and fixed differences between species, indicating the occurrence of gene flow at some loci but not at others between D. pseudoobscura and D. persimilis. The inference of gene introgression at some loci suggests potential problems with phylogenetic reconstruction and with the use of bifurcating phylogenies in this species group.
Here, we revisit the data of Machado et al. (2002) , and take an explicit phylogenetic perspective to assess whether different genes or different genomic regions reveal different phylogenetic relationships among these three species of Drosophila, and to determine to what degree the history of the divergence of these species can be approximated by a bifurcating phylogeny. We also incorporate new data from two loci selected from non-recombining regions of the genome: from the dot (fifth) chromosome and from the mitochondria. For genes that undergo recombination and that reveal histories of recombination in their patterns of polymorphism, gene-tree estimates are problematic; thus, it is generally argued that non-recombining genes, or genes that reveal no evidence of recombination, are preferred for phylogenetic studies. Here, we also compare the phylogenetic patterns of non-recombining genes with those of genes that have been undergoing recombination.
(a) The Drosophila pseudoobscura species group Drosophila pseudoobscura and D. persimilis played a key role in the development of the biological species concept (Dobzhansky 1937; Mayr 1942) , and have been the frequent focus of speciation research (Dobzhansky 1936; Dobzhansky & Epling 1944; Orr 1987; Noor 1997; Noor et al. 2001b) . The two species are partially sympatric in the western part of North America (from California to British Columbia) (Dobzhansky & Epling 1944) ; they hybridize at low frequency in nature (Dobzhansky 1973; Powell 1983) and their hybrid females are fertile, while hybrid males and some hybrid backcross females are sterile (Dobzhansky 1936) . In 1963, an isolated population of D. pseudoobscura was found at high elevations near Bogotá, Colombia, separated by more than 2000 km from the North American population (Dobzhansky et al. 1963 ). This population, since named D. pseudoobscura bogotana (Ayala & Dobzhansky 1974) , exhibits unidirectional hybrid male sterility with respect to D. pseudoobscura (Prakash 1972) . Although D. p. bogotana has been classified as a subspecies of D. pseudoobscura, for the sake of brevity we refer to it as a species.
Estimates based on DNA sequences from two nuclear genes indicate that this group of species diverged less than 0.5 Myr ago (Schaeffer & Miller 1991; Wang et al. 1997) . The traditional phylogeny of the species (( pseudoobscura, bogotana), persimilis) reflects several factors, including degrees of reproductive isolation (Dobzhansky & Epling 1944; Prakash 1972) , levels of genetic divergence at random allozyme loci (Ayala & Powell 1972; Singh 1983 ) and the presence of fixed inversion differences on the X and second chromosomes between D. persimilis and the others (Dobzhansky & Epling 1944) . Genes that cause sterility in male D. pseudoobscura/D. persimilis hybrids map to chromosomal inversions located on the X and second chromosomes (Orr 1987; Noor et al. 2001b) . Introgression in the laboratory can occur across most of the autosomal chromosomes, including the polymorphic inversions of the third chromosome (Noor et al. 2001a,b) .
MATERIAL AND METHODS

(a) Data collection
Nucleotide sequences were collected for 16 loci located on all five chromosomes and in the mitochondrial genome of these species. Each locus was sequenced in 10-20 inbred lines of each of the three species, as well as in one to four lines of an outgroup species, D. miranda. Seven loci are protein-coding regions (including exons and introns) ( period, Hsp82, rh1, bicoid, Adh, ey, mtDNA) and nine are non-coding regions that flank microsatellites (X008, X009, X010, 2001, 2002, 2003, 3002, 4002, 4003) (Machado et al. 2002) . The average sequence length per locus was 1242 nucleotides ( sequenced on average per locus. Information on collection sites, names of inbred lines and standard molecular methods used to collect the sequence data can be found elsewhere (Wang et al. 1997; Machado et al. 2002) .
The sequences from 14 of the loci have been previously published (Wang et al. 1997; Machado et al. 2002) . Sequences from the two new loci reported here (ey and mtDNA) have been deposited in GenBank (accession numbers AF451009-AF451152). The locus ey (eyeless) is located in the fifth chromosome of these species. A total of 1753 base pairs (bp) from the 39-end of the large second intron of ey were amplified and sequenced using the primers FW1ey (59-AAAATGCCAAAT-GCCTCT-39), RV1ey (59-TTCTGTCAGTTTCGCACTA-CAC-39), FW4ey (59-ACAAGAAAGGCTCTCGGATT-39) and RV7ey (59-AGTAAATGCATGGCATAGCTG-39). The FW1ey primer is located in a conserved region in the middle of the intron. This region was detected by aligning the ey sequences of D. melanogaster (GenBank accession number AJ131630) and D. virilis (AF098329). RV1ey was designed using partial sequences of the 39-end of the intron from D. pseudoobscura and D. persimilis (Noor et al. 2001b ). FW4ey and RV7ey are internal primers used to reamplify shorter overlapping fragments.
The mtDNA data consist of sequences from two mitochondrial regions separated by about 4.3 Kb: the 39-end of the COI gene (829 bp), and a region of 997 bp that includes the last 111 bases of ND4, the complete tRNA His and the first 820 bases of ND5. The 39-end of COI was amplified and sequenced using primers Jerry (59-CAACATTTATTTTGATTTTTTGG-3 9) and Pat (59-TCCAATGCACTAATCTGCCATATTA-39) (Simon et al. 1994) . The ND4-tRNA His -ND5 region was amplified and sequenced using primers ND4-1F (59-AGCATGGTAAATTATTTTCTGG-39) and ND5-3R (59-TGTCTAAGAGTTGACAAAGCAA-39). The sequences from ND4, tRNA His , ND5 and COI were concatenated into a single dataset, referred to as mtDNA.
(b) Phylogenetic analyses
We used MEGA v. 2.0 (Kumar et al. 2002) to reconstruct gene trees using the neighbour-joining (NJ) algorithm with Tamura-Nei distances (Tamura & Nei 1993) . The observation of recombination in most of the loci included here (Wang et al. 1997; Machado et al. 2002) complicates interpretations of the phylogenetic history. Recombination has a large effect on estimated gene trees within species as it causes the different portions of a locus to have different histories. Further, it shuffles the variation among sequences within species, generating the appearance of large amounts of homoplasy, preventing precise assessments of homoplasy resulting from recurrent mutation and raising the concern that any observed variation among gene trees estimated for different loci could be a result of undetected recurrent mutation at individual loci. However, for the present purpose, these concerns are reduced for two main reasons. First, for the purpose of understanding species relationships, recombination may not be a difficulty simply because sequences from separate species will not have recombined with one another. By this argument, gene trees from recombining nuclear loci may still be useful for considering species phylogenetic relationships. Second, three considerations suggest a low rate of homoplasy by mutation in the data. The presence of intragenic recombination particularly affects phylogenetic inference using maximum parsimony (MP) or maximum likelihood (ML), because the apparent homoplasy generated by recombination greatly slows heuristic search algorithms by generating large numbers of equally optimal trees. To avoid these methodological problems we used the NJ method (Saitou & Nei 1987) , which is faster, renders a single bifurcating tree and permits easily determined bootstrap-support values. Recombination also affects NJ by reducing intraspecific phylogenetic resolution but, as described above, this is less of a concern for understanding species relationships. Analyses of the two non-recombining loci with MP and ML produced almost identical trees to the ones estimated by NJ (not shown).
RESULTS
(a) Phylogenetic relationships vary across loci and genomic location All loci had many phylogenetically informative sites (55 per locus on average, 44 on average excluding the outgroup) and probably have had little recurrent mutation (see § 2b), yet, even if we consider just those parts of the genealogies with strong bootstrap support, we find con-siderable variation among loci (figure 1). Genealogies of the five X-linked loci show strong support for the traditional phylogeny (( pseudoobscura, bogotana), persimilis) (figure 1a-e). The tree for locus 2002 (figure 1i ), a locus found within the region spanned by the second chromosome fixed inversion, is also consistent with the traditional phylogeny, although this is suggested by the strong support for the monophyly of D. persimilis sequences and not by the monophyly of the D. pseudoobscura-D. p. bogotana clade. The eight additional loci located in recombining regions of the genome (chromosomes 2, 3 and 4) show one of two phylogenetic patterns: (i) no monophyly for any species or pair of species (2003 ( , bicoid, 2001 , or (ii) monophyly of D. p. bogotana sequences and paraphyly of D. pseudoobscura and D. persimilis sequences (rh1; figure 1g) .
Finally, the genealogies of the two loci located in regions of no recombination (ey, mtDNA; figure 1o,p) The observed variation in phylogenetic patterns across loci can be readily summarized by comparing levels of interspecific sequence divergence across loci (figure 2). We defined a quantity d as the mean sequence divergence 
period (2) X008 (15) X009 (21) Hsp82 (23) X010 (39) 2003 (43) rh1 (45) bicoid (50) 2002 (54) 2001 (58) recent gene flow, which is consistent with the absence of linkage between these loci and the loci that contribute to hybrid sterility (Hutter & Rand 1995; Noor et al. 2001b ). Levels of gene flow estimated from the mtDNA data are large (Nm = 4.172) (lack of variation in ey does not permit an estimate of Nm using an F S T -based estimator) . Neither locus exhibits fixed differences between D. pseudoobscura and D. persimilis, but both loci reveal fixed differences between these two species and D. p. bogotana. At ey there are two fixed differences between D. p. bogotana and both D. pseudoobscura and D. persimilis, and in mtDNA D. p. bogotana has 18 fixed differences with respect to D. pseudoobscura and 21 fixed differences with respect to D. persimilis.
The ey locus also differs from the other loci in having little variation within species (figure 1o; table 2) (Machado et al. 2002) . Low variation at this locus is not the result of sequence conservation arising from selective constraints, because divergence from the outgroup D. miranda is similar to that observed at other loci (Machado et al. 2002) . The observed reduction in variation is consistent with the action of natural selection (table 3), making ey the only locus out of the 16 for which the neutral model is rejected. Because ey is located in a region of no or very little recom- (Watterson 1975) . f Estimate of 2N f m (mtDNA) or 4Nm (ey) using the average number of nucleotide differences per site (Nei 1987) . g Tajima's statistic (Tajima 1989) . Significance was determined by 1000 coalescent simulations. h Fu and Li's D statistic (Fu & Li 1993) . Significance was determined by 1000 coalescent simulations. i Average divergence (div.) per base pair between sequences from each taxon and the sequences of D. miranda. is the HKA test statistic (Hudson et al. 1987) ; and p is the probability of a value of x 2 higher than observed, estimated with 1000 coalescent simulations. The value of the HKA statistic for D. p. bogotana without ey is close to significance owing to the pattern of polymorphism in the period locus (Wang & Hey 1996 bination (fifth chromosome), the reduction in variation within species could have been the result of background selection (Charlesworth et al. 1993) or a selective sweep (Maynard Smith & Haigh 1974) at or near the locus. However, the lack of variation between species is more consistent with a selective sweep across species boundaries. Similar patterns have been observed in other Drosophila species for loci in regions of low recombination and have been interpreted as 'trans-species' selective sweeps (Hilton et al. 1994; Stephan et al. 1998 (Tajima 1989) in D. pseudoobscura (D = -1.7130, p = 0.029) also suggest that the pattern is consistent with a recent selective sweep, although other loci also show strongly negative values for these statistics (Machado et al. 2002 ). An alternative explanation for the pattern at this locus is the occurrence of background selection coupled with large levels of gene flow between species.
The mtDNA data are also unusual as regards the estimated time of divergence of D. p. bogotana from D. pseudoobscura. Based on sequences from Adh and Hsp82, the proposed time of divergence of the two species Proc. R. Soc. Lond. B (2003) is 0.15-0.23 Myr (Schaeffer & Miller 1991; Wang et al. 1997) , and the estimated divergence time from the outgroup D. miranda, using Hsp82, is 2.63 Myr (Wang et al. 1997) . Simple calibrations of the mtDNA molecular clock using a standard 2% divergence per Myr (Brower 1994) show that, while the divergence from D. miranda (2.02 Myr) is roughly similar to the previous estimate, the estimated divergence time of D. p. bogotana from D. pseudoobscura (0.80 Myr) is four times greater than previous estimates.
DISCUSSION
(a) The causes of phylogenetic variation among loci Three basic types of gene tree were observed after analyses of the 16 datasets:
(i) those that agree with the traditional phylogeny (( pseudoobscura, bogotana), persimilis; six loci), (ii) those that are incongruent with the traditional phylogeny and support a different one (two loci), and (iii) those in which there is a lack of resolution of the relationships among the D. pseudoobscura and D. persimilis sequences (eight loci).
Under the assumption that a single bifurcating phylogeny (the traditional phylogeny) correctly represents the history of divergence of these species, patterns that are not consistent with that phylogeny or that show a lack of reciprocal monophyly for D. pseudoobscura and D. persimilis can result from two non-exclusive processes: lineage sorting of ancestral polymorphisms and introgression.
Some of the observed phylogenetic variation among loci is an expected consequence of recent speciation events, because following divergence some loci will develop monophyletic patterns more quickly than others simply by chance (lineage sorting). Similarly, the absence of monophyly for D. pseudoobscura sequences and the frequent monophyly of D. p. bogotana sequences can be seen as a consequence of large and small population sizes, respectively (Machado et al. 2002) . However, such arguments cannot explain the finding that D. pseudoobscura appears in different monophyletic groups with each of the other species, depending on the locus. Further, those arguments cannot explain why reciprocal monophyly for the sequences of D. pseudoobscura and D. persimilis is correlated with genomic location, and specifically why it is observed only in regions of the genome where hybridsterility loci have been mapped (i.e. only in X-linked and second inversion-linked loci) (Noor et al. 2001b ) (see below). If that pattern resulted by chance, no obvious correlation with genomic location should have been observed. It can be argued that X-linked loci should show more phylogenetic resolution (i.e. more reciprocal monophyly) than autosomal loci because of the reduced effective population size for the X chromosome. However, X-linked loci revealed levels of variation that were virtually identical to those of the autosomal loci in these species: average values of û for autosomal and X-linked loci are 0.0148 and 0.0149, respectively, for D. pseudoobscura, and 0.0097 and 0.0090, respectively, for D. persimilis (Machado et al. 2002) . Additionally, the phylogenies of the non-recombining genes can hardly be explained by lineage sorting, despite a previous suggestion based on a different mitochondrial dataset (Powell 1991) .
Given that lineage sorting cannot explain all the patterns of phylogenetic variation, we argue that insights from another line of research, on the mapping of genes that cause reduced fitness in hybrids, do help identify an alternative cause for the different patterns observed across loci: that is, the capacity of loci to introgress between species. Recent studies of patterns of DNA sequence variation at multiple loci have provided evidence of gene flow between D. pseudoobscura and D. persimilis (Wang et al. 1997; Machado et al. 2002) . Those analyses have revealed a high level of variation across loci in patterns of shared polymorphisms and fixed differences between species, indicating the occurrence of gene flow at some loci but not at others. Those observations suggest a divergence-with-gene-flow model of speciation (Maynard Smith 1966; Rice & Hostert 1993) for D. pseudoobscura and D. persimilis, under which natural selection acts to impede gene introgression at regions of the genome involved in the adaptive or reproductive divergence of the species. Other genes, not linked to such regions, will introgress more readily. Genes that cause sterility in male D. pseudoobscura-D. persimilis hybrids map to chromosomal inversions located on the X Proc. R. Soc. Lond. B (2003) and second chromosomes (Orr 1987; Noor et al. 2001b) , and introgression in the laboratory can occur across most of the autosomal chromosomes, including the polymorphic inversions of the third chromosome (Noor et al. 2001a,b) and the mitochondrial genome (Hutter & Rand 1995) . Thus, it is expected that loci located in or linked to the X and second chromosome inversions should have experienced less gene flow and diverged more than loci located in other genomic regions. Further, gene-tree estimates for those loci are expected to be consistent with the traditional phylogeny, while gene-tree estimates for loci located in regions that can introgress are expected to be less consistent with that phylogeny (i.e. show lack of reciprocal monophyly) and in some cases, depending on the level and timing of gene flow, may even suggest an alternative species phylogeny (( pseudoobscura, persimilis), bogotana).
The observed phylogenetic patterns agree well with these expectations. The predicted lack of introgression between D. pseudoobscura and D. persimilis at loci linked to regions of the genome involved in hybrid sterility (X and second chromosome inversions) is consistent with the observation of reciprocal monophyly only at those loci. The remaining 10 loci, which are in regions of the genome that can be introgressed in the laboratory, either show lack of resolution for the monophyly of D. pseudoobscura and D. persimilis sequences, or strongly support a monophyletic D. pseudoobscura-D. persimilis clade. Those patterns are also consistent with predictions based on introgression capacity, as gene flow will reduce the rate of or stop differentiation at a locus, thus reducing the rate at which reciprocal monophyly could be attained. Out of those 10 loci, the two non-recombining ones (ey and mtDNA) show strong evidence of recent gene flow, as D. pseudoobscura and D. persimilis share several identical haplotypes, and their genealogical patterns stand in stark contrast to patterns from other loci that show considerable divergence between the species (e.g. X-linked loci). Unfortunately, it is difficult to obtain meaningful estimates of gene-flow levels for any of the remaining eight loci, owing to recombination. For those loci it is difficult to assess the precise cause of shared variation across species because, when recombination has occurred, sequences that have moved between species become shuffled with those that have not (Slatkin & Maddison 1989) , thus making it hard to assess whether shared variation is the result of introgression or ancestral polymorphism. However, the rejection of a strict model of isolation for the 14 recombining loci based on the high variance in the number of shared polymorphisms, fixed differences across loci and a linkage disequilibrium test (Machado et al. 2002) suggest that gene flow is responsible for some of the shared variation at those loci.
Levels of interspecific sequence divergence across loci are also consistent with the expected potential of loci to introgress (figure 2). Drosophila pseudoobscura and D. persimilis are more differentiated at loci linked to regions of the genome that do not introgress, as shown by the high positive value of d for most of the X-linked loci and for the locus located in the fixed inversion of the second chromosome (2002) . The values of d in regions of the autosomes not associated with reproductive isolation are either close to zero or negative, suggesting the presence of ancestral shared variation and/or introgression recently or in the past, consistent with the observation of few fixed differences and many shared polymorphisms across species at those loci (Machado et al. 2002) . Both species are more differentiated from D. p. bogotana at the two loci from the third and fifth chromosomes (3002, ey) and at mtDNA, which all show evidence of recent gene flow.
In conclusion, the variation in phylogenetic patterns among loci is consistent with the predicted capacity of the loci to introgress between D. pseudoobscura and D. persimilis, based on their genomic location. Although some of the observed phylogenetic variation is likely to be the result of lineage sorting, that process alone cannot explain all the variation among loci. For instance, it cannot explain patterns in the non-recombining loci or the observed correlation of reciprocal monophyly with genomic location, observations that are fully consistent with the predicted capacity of loci to introgress depending on genomic location. Although recent introgression is inferred from the two non-recombining loci, the lack of shared full haplotypes at any of the recombining loci that can introgress in the laboratory suggests that introgression at those loci has not occurred recently.
(b) The use of non-recombining loci for reconstructing phylogenies Because of the analytical difficulties presented by recombining loci, most phylogenetic analyses of DNA sequence variation within and between closely related species have focused on non-recombining molecules, particularly in the mitochondrial genome (see Avise (2000) for references). A major reason for that choice is that a bifurcating gene tree constructed from nonrecombining sequences is more meaningful than one constructed from a recombining locus, because in the latter any given pair of sequences has more than one common ancestor. A major drawback, however, is that patterns of variation in non-recombining loci are greatly dependent on selective forces acting at linked sites. Selective sweeps and background selection can obliterate any sequence variation present in non-recombining loci, thus decreasing the utility of inferences about demographic or phylogenetic history.
Our data from ey and mtDNA are clear examples of these difficulties. The ey data are unique among the 16 loci in showing evidence of a reduction in polymorphism caused by natural selection. The ey data also suggest a genealogical history with recent introgression between D. pseudoobscura and D. persimilis and with the occurrence of selective sweeps across the species barrier. The mtDNA data also suggest introgression, but are particularly striking because the large divergence of D. p. bogotana sequences is difficult to explain under any of the current models of divergence of these species. The data suggest either the presence of an ancestral population structure in the ancestor of these species or an old balanced polymorphism that has been resolved with separate alleles to separate species. Uninformed use of the mtDNA or ey data without information from other loci would have led us to infer a history of divergence that greatly differs from that suggested by the data from other genomic regions and that would simply correspond to a piece in the puzzle of an already complex history. Incongruencies between mtDNA and nuclear genealogies caused by introgression have also Proc. R. Soc. Lond. B (2003) been recently observed in other groups of insects (Sota & Vogler 2001; Shaw 2002) . These combined results illustrate the dangers of using data from a single locus, and from non-recombining loci, to infer the demographic or evolutionary history of recently diverged species.
CONCLUSIONS
The genomes of these species are mosaics, with different regions varying greatly in their genealogical histories and divergences across species. Whether or not D. pseudoobscura and D. persimilis first began to diverge under allopatry remains an open question; however, we have no evidence that they were ever completely separate species or that they were ever parapatric or allopatric. Notwithstanding their ongoing role as a classic model system for the study of speciation, these species join a growing list of species complexes that appear to have exchanged genes at some loci and not others (see Hey (2001, pp. 100-101) for references). Collectively, these findings offer a cautionary tale for the phylogenetic study of recent speciation events. A traditional phylogenetic approach that assumes a simple bifurcating history will necessarily be inaccurate for many of the genes of these species. Our findings highlight a pitfall that can arise either by using just a small number of loci, or by combining data from different loci, to reconstruct the history of closely related species. For cases like the present one, these approaches will lead to misrepresentations of the history of divergence by imposing a simple bifurcating model upon species that have undergone complex divergence.
